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Abstract
Particular class of AdSd mixed-symmetry bosonic massless fields corre-
sponding to arbitrary two-column Young tableaux is considered. Unique
gauge invariant free actions are found and equations of motion are analyzed.
1 Introduction
In the present paper we consider the problem of manifestly covariant Lagrangian
formulation of free mixed-symmetry massless fields propagating on d-dimensional
anti-de Sitter background. In contrast to flat spacetime, where free higher spin dy-
namics is presently well understood [1, 2, 3, 4, 5, 6, 7], the analysis of field dynamics
on the AdSd background is more complicated and up to now only particular exam-
ples of mixed-symmetry fields were explicitly analyzed [8, 9, 10, 11, 12, 13]. The
reason is that the classification of massless fields in AdSd is essentially different from
that for massless fields in Minkowski space [8]. From the field-theoretical perspective
this implies drastic changes for the entire fabric of gauge symmetries as compared
to the field dynamics on the flat background [14, 8].
The line of consideration of the present paper is motivated by the approach
recently proposed in Ref. [13], which represents mixed-symmetry fields as gauge p-
form fields taking values in an appropriate finite-dimensional irreps of AdSd algebra.
The method was illustrated by various examples of mixed-symmetry fields with at
most two rows. The goal of the present paper is to apply the general prescription
of [13] to higher spin massless fields corresponding to arbitrary two-column Young
tableaux.
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2 Preliminaries
Consider1 a Lorentz tensor field φ(s,p)(x) on d-dimensional spacetime (Minkowski or
AdSd)
φa[s], b[p](x) ≡ φ[a1...as], [b1...bp](x) , (1)
which is antisymmetric in both groups of indices, satisfies the Young symmetry
condition φ[ a1...as, as+1 ]b2...bp(x) = 0, and contains all its traces. The tensor φ(s,p)(x)
will be referred to as the metric-type field [13].
The heights of columns s and p are assumed to satisfy the following inequality
0 < p ≤ s ≤ ν . (2)
A value of the upper bound in (2) is different for massless fields in Minkowski and
AdSd. For the Minkowski space ν ≡ νMink =
[
d−2
2
]
is a rank of the little Wigner
group SO(d − 2). For the AdSd space ν ≡ νAdS =
[
d−1
2
]
is a rank of the vacuum
group SO(d − 1). It follows that νMink ≤ νAdS, which allows one to conclude that
theories of massless fields in AdSd may give dual descriptions of flat massless fields
in the flat limit2. If s > νAdS and 0 < p ≤ s, the corresponding AdSd higher spin
theory is a dual formulation of some particular AdSd theory with parameters p˜, s˜
from (2).
The metric-type field φ(s,p)(x) (1) is a gauge field with the gauge transformation
law given by two types of gauge parameters [3] (schematically):
δφ(s,p) = ∂S(s−1,p) + ∂Λ(s,p−1) , (3)
where tensors S(s−1,p) and Λ(s,p−1) are described by Young tableaux obtained by
cutting off a cell from the first and the second column of φ(s,p)(x), respectively, and
contain all their traces.
In the sequel, we develop the gauge invariant AdSd theory for a metric-type field
φ(s,p)(x) with arbitrary values of s and p which satisfy (2). Before plunging into
description of our approach, discuss how one may proceed to obtain an AdSd theory
starting form some flat Lagrangian L invariant under (3). A general prescription
consists in replacing ∂ → D, where D is the background Lorentz derivative com-
muting as [D,D] ∼ λ2, and adding appropriate mass-like terms in L which support
the gauge invariance. However, as pointed out in [14, 8], it is not always consistent
procedure for a generic mixed-symmetry field: only a part of gauge symmetries can
be deformed to AdSd to obtain a unitary theory. In the case under consideration,
the symmetry which survives in AdSd corresponds to the gauge parameter Λ
(s,p−1).
Lack of one of gauge symmetries on AdSd results in a discrepancy between degrees
1Throughout the paper we work within the mostly minus signature and use notations m,n =
0÷ d− 1 for world indices, a, b = 0÷ d− 1 for tangent so(d− 1, 1) vector indices and A,B = 0÷ d
for tangent so(d− 1, 2) vector indices. We also use condensed notations for a set of antisymmetric
indices: a[k] ≡ [a1 . . . ak]. Indices denoted by the same letter are assumed to be antisymmetrized
as XaY a ≡ 1
2!
(Xa1Y a2 −Xa2Y a1).
2For discussion of dual formulations of free higher spin fields in Minkowski space see papers
[15, 16, 6, 17].
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of freedom of a field φ(s,p)(x) on the flat and AdSd backgrounds. The balance may
be restored by introducing a Stueckelberg field for the missing symmetry S(s−1,p)
which can be gauged away for λ 6= 0, however. The flat limit of such extended
theory describes not one but two independent fields [8, 11].
Within our approach we do not search for the AdSd deformation of some La-
grangian describing flat field dynamics. Instead, we start with dynamics on the
AdSd background and investigate its flat limit then.
The background Minkowski or AdSd geometry is described by the frame field
ha = hn
a dxn and Lorentz spin connection ωab = ωn
ab dxn which obey the equation
[Dm,Dn]φ
a[s], b[p] = λ2(s hm
a hn c φ
ca[s−1], b[p]+p hm
b hn c φ
a[s], cb[p−1])− (m↔ n) , (4)
where
Dnφ
a[s], b[p] = ∂nφ
a[s], b[p] + s ωn
a
c φ
ca[s−1], b[p] + p ωn
b
c φ
a[s], cb[p−1] , ∂n =
∂
∂xn
. (5)
Also, the zero-torsion condition Dnhm
a − Dmhn
a = 0 is imposed. It expresses the
spin connection ωm
ab in terms of the first derivatives of the frame field hm
a. The
equation (4) describes AdSd spacetime with the symmetry algebra o(d− 1, 2) when
λ2 > 0. Minkowski space-time corresponds to λ = 0.
The covariant D’Alembertian is
D2 ≡ DaDa = h
a
mD
m(hn, aD
n) , (6)
where the background Lorentz covariant derivative is given by (5).
In what follows we use AdSd covariant notations and operate with AdSd tensors
TA[m](x). To relate Lorentz and AdSd covariant realizations we introduce a com-
pensator vector V A(x) normalized as V AVA = 1 [18]. This allows one to identify the
Lorentz subalgebra so(d− 1, 1) within the AdS algebra so(d− 1, 2) as the stability
algebra of the compensator, which results in the covariant splitting of the so(d−1, 2)
1-form connection Ω[AB] into the frame field EA and the Lorentz connection ω[AB]:
EA = DV A ≡ dV A + ΩABVB, ω
[AB] = Ω[AB] − 2λE[A V B] [18]. In these nota-
tions, the background AdSd geometry (h
A, ω
[AB]
0 ) is defined by the ”zero-curvature”
condition [19]
RAB(Ω0) ≡ dΩ
AB
0 + Ω0
A
C ∧ Ω0
CB = 0 . (7)
The action of the background covariant derivative on an arbitrary AdSd tensor is
given by
D0T
A[m] = dTA[m] +mΩA0 C ∧ T
CA[m−1] . (8)
3 p-form gauge fields
According to the general prescription of Ref. [13], we describe two-column mixed-
symmetry field φ(s,p) (1) propagating on the AdSd space in terms of a frame-type
p-form gauge field
e
a[s]
(p) = e
[a1...as]; [m1...mp] dxm
1
∧ ... ∧ dxmp . (9)
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It is convenient to replace world indices in (9) with tangent indices
e[a1...as]; [b1...bp] ≡ e[a1...as]; [m1...mp] hm
1
b1 . . . hmp
bp , (10)
where hm
a is the background frame field in AdSd.
The frame-type p-form gauge field (9) gives rise to a collection of components
arising through tensoring of world and tangent indices
ea[s]; b[p] ∼
p⊕
i=0
φa[s+i], b[p−i] . (11)
Here each tensor component φa[s+i], b[p−i] corresponds to a Young tableau with (s+ i)
antisymmetric indices in the first column and (p − i) antisymmetric indices in the
second column and contain all its traces. It is convenient to denote each component
in (11) as φ(i). The first component i = 0 in (11) is identified with the metric-type
field φ(0) ≡ φ(s,p) (1).
In principle, the p-form field (9) is sufficient to construct a gauge invariant ac-
tion functional. However, to control gauge symmetries in a manifest manner one
should introduce additional p-form gauge fields. In the case under consideration,
appropriate set of fields is given by e
a[s]
(p) and ω
a[s+1]
(p) , which will be referred to as the
physical and the auxiliary p-forms [13].
The Abelian curvature (p+1)-forms associated with the physical and the auxil-
iary p-form gauge fields read as
r
a[s]
(p+1) = De
a[s]
(p) + hb ∧ ω
a[s]b
(p) , R
a[s+1]
(p+1) = Dω
a[s+1]
(p) − (s+ 1)λ
2ha ∧ e
a[s]
(p) . (12)
They are invariant under the gauge transformations with (p−1)-form gauge param-
eters Λ
a[s]
(p−1) and ξ
a[s+1]
(p−1)
δe
a[s]
(p) = DΛ
a[s]
(p−1) + hb ∧ ξ
a[s]b
(p−1) , δω
a[s+1]
(p) = Dξ
a[s+1]
(p−1) − (s+ 1)λ
2ha ∧ Λ
a[s]
(p−1) . (13)
In particular, the structure of the gauge invariance (13) requires the curvatures to
satisfy Bianchi identities
Dr
a[s]
(p+1) + hb ∧ R
a[s]b
(p+1) = 0 , DR
a[s+1]
(p+1) − (s+ 1)λ
2ha ∧ r
a[s]
(p+1) = 0 . (14)
The gauge transformations (13) are reducible. There is a set of (l + 2)-th level
(0 ≤ l ≤ p− 2) gauge transformations of the form
δΛ
a[s]
(p−l−1) = DΛ
a[s]
(p−l−2) + hb ∧ ξ
a[s]b
(p−l−2) ,
δξ
a[s+1]
(p−l−1) = Dξ
a[s+1]
(p−l−2) − (s+ 1)λ
2ha ∧ Λ
a[s]
(p−l−2) .
(15)
The role of the shift parameter ξ
a[s+1]
(p−1) in the gauge transformations (13) is to com-
pensate all components of the physical p-form field in (11) with i > 0. It can be
easily seen from the decomposition of the gauge parameters ξ
a[s+1]
(p−1) analogous to (11)
ξa[s+1]; b[p−1] ∼
p−1⊕
i=0
ξa[s+i+1], b[p−i−1] , (16)
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where tensors in r.h.s. have Young symmetry properties and contain all their traces.
Thus, by gauge fixing with the help of the shift parameters ξ
a[s+1]
(p−1) , the p-form gauge
field (9) reduces to the component φ(0) corresponding to i = 0 in (11) to be identified
with the physical metric-type field (1). The derivative part of (13) can be analyzed
along the same lines. Namely, introduce the decomposition of the derivative gauge
parameters Λ
a[s]
(p−1) analogous to (16)
Λa[s]; b[p−1] ∼
p−1⊕
i=0
Λa[s+i], b[p−i−1] , (17)
where tensors in r.h.s. have Young symmetry properties and contain all their traces.
Then, one finds from (11) and (17) that the metric-type field φ(0) ≡ φ(s,p) transforms
as (schematically)
δφ(0) = DΛ(0) , (18)
where the gauge parameter Λ(0) is the first component in (17) with i = 0 and has
the same symmetry type as Λ(s,p−1) in (3). As a consequence of the (15), the gauge
transformation (18) is reducible up to a p-th level.
It is worth to comment that our approach is formulated in the way it incor-
porates the gauge symmetry with parameter Λ(s,p−1) (3) only, which is the correct
gauge symmetry on the AdSd background. Another type of gauge symmetry with
parameter S(s,p−1) (3) is not placed in the AdSd formulation and appears in the flat
limit λ = 0. We shall comment on this phenomenon later.
The Lorentz p-form gauge fields introduced to describe a mixed-symmetry field
in AdSd can be viewed as a result of the decomposition with respect to the Lorentz
group of a p-form gauge field carrying an appropriate irreducible representation of
o(d − 1, 2) [13]. In our case, the Lorentz fields e
a[s]
(p) and ω
a[s+1]
(p) result form the
following AdSd p-form field
Ω
A[s+1]
(p) ∼ e
a[s]
(p) ⊕ ω
a[s+1]
(p) . (19)
With the help of the compensator vector discussed in section 2, the isomorphism
(19) takes the precise form
Ω
A[s+1]
(p) = ω
A[s+1]
(p) + λ (s+ 1) V
A e
A[s]
(p) , (20)
supplemented with the transversality conditions
e
A[s−1]C
(p) VC = 0 , ω
A[s]C
(p) VC = 0 . (21)
The appearance of the cosmological parameter λ in (20) is motivated by different
mass dimensions of the physical and the auxiliary p-forms since on the level of
equations of motion the auxiliary field is expressed in terms of the first derivatives
of the physical field.
In the AdSd formalism, the gauge transformation and the curvature are given by
(0 ≤ l ≤ p− 2)
R
A[s+1]
(p+1) = D0Ω
A[s+1]
(p) , δΩ
A[s+1]
(p) = D0ξ
A[s+1]
(p−1) , δξ
A[s+1]
(p−l−1) = D0ξ
A[s+1]
(p−l−2) , (22)
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where
R
A[s+1]
(p+1) ∼ r
a[s]
(p+1) ⊕R
a[s+1]
(p+1) , ξ
A[s+1]
(p−l−1) ∼ Λ
a[s]
(p−l−1) ⊕ ξ
a[s+1]
(p−l−1) (23)
and the covariant derivative D0 is evaluated with respect to the background AdSd
connection Ω0 (8). Bianchi identities
D0R
A[s+1]
(p+1) = 0 (24)
are the consequence of the zero-curvature condition D20 = 0 (7).
It is interesting to note that in d = 7 mod 4 dimensions one more irreducibility
condition on the tangent indices may be imposed. A duality condition may arise if
the tangent so(d−1, 2) Young tableau is a column of maximal height s+1 = d−1
2
+1,
which may be dualized using Levi-Civita symbol
Ω(p)A[s+1] = ±
1
(s+ 1)!
ǫA[s+1]B[s+1] Ω
B[s+1]
(p) . (25)
This condition decomposes Ω
A[s+1]
(p) into selfdual and antiselfdual parts and results
in the following relation for Lorentz p-form fields
ω(p)
a[s+1] = ±
λ
s!
ǫa[s+1]b[s] e(p), b[s] . (26)
This off-shell constraint can be used to express algebraically the auxiliary field in
terms of the physical field or vice versa. In this case equations of motion will acquire
first order form. Note that in d = 5 mod 4 dimensions the duality condition may
be also imposed but then the field Ω
A[s+1]
(p) is necessarily complex. The analogous
phenomenon was discussed for massive antisymmetric tensor fields on the flat back-
ground in [20] and called odd-dimensional selfduality. In the AdSd theory the role
of mass is played by the cosmological constant λ.
4 Dynamics
In what follows we build higher spin action which correctly describes free dynamics
of metric-type field φ(s,p) on the AdSd background. It was suggested in [13] to look
for free action in the MacDowell-Mansouri form [21, 22]. In our case the most general
action reads
S2 =
κ1
λ2
∫
Md
HA[2p+2] ∧ R
A[p+1]B[s−p]
(p+1) ∧ R
A[p+1]
(p+1) B[s−p]
+
κ2
λ2
∫
Md
HA[2p+2] ∧ R
A[p+1]B[s−p−1]C
(p+1) ∧ R
A[p+1]
(p+1) B[s−p−1]
DVCVD ,
(27)
where κ1,2 are arbitrary dimensionless constants and the notation is introduced:
HA[m] = ǫA1...AmBm+1...Bd+1h
Bm+1 ∧ . . . ∧ hBdV Bd+1 . (28)
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The freedom in κ1,2 can be fixed up to an overall factor in front of the action (27)
by adding a unique total derivative term
O =
∫
Md
d
(
HA[2p+3] ∧ R
A[p+2]B[s−p−1]
(p+1) ∧ R
A[p+1]
(p+1) B[s−p−1]
CVC
)
. (29)
Note that the form of the action imposes a natural restriction p ≤ [d−2
2
], while s
is not restricted at all. It is tempting to speculate that for s > νAdS , the action (27)
gives rise to dual formulations of two-column metric-type fields in AdSd.
The variation of the action (27) gives rise to the equations of motion
ǫA[p+1]B[p+1]C[d−2p−1]h
C1 ∧ . . . ∧ hCd−2p−1 ∧ R
A[s−p]B[p+1]
(p+1) = 0 . (30)
To clarify the dynamical content hidden in these equations it is convenient to perform
analysis in terms of Lorentz components. To this end, introduce the decomposition
of the curvature tensors (12) analogous to (11)
ra[s]; b[p+1] ∼
p+1⊕
i=0
ra[s+i], b[p−i+1] , (31)
Ra[s+1]; b[p+1] ∼
p+1⊕
i=0
Ra[s+i+1], b[p−i+1] , (32)
where tensors in r.h.s.-s have Young symmetry properties and contain all their traces.
By direct calculation one shows that equations (30) can be cast into the form
p < s : r
a[s]
(p+1) = hb1 ∧ . . . ∧ hbp+1 T
a[s], b[p+1] ,
p = s : r
a[s]
(p+1) = 0
(33)
and
p ≤ s : R
a[s+1]
(p+1) = hb1 ∧ . . . ∧ hbp+1 C
a[s+1], b[p+1] (34)
with arbitrary traceless 0-forms T a[s], b[p+1] and Ca[s+1], b[p+1] described by two-column
Young tableaux. All other components of the curvatures (31)-(32) are zero. One
should note that the tracelessness for T a[s], b[p+1] is required only when λ 6= 0 (it
follows from Bianchi identities):
λ T a[s−1]c , b[p]dηcd = 0 . (35)
We shall discuss the distinguished role of this condition later.
In the case p = s, which corresponds to the physical metric-type field described
by rectangular Young tableau, 0-form C is the primary Weyl tensor [13]. It parame-
terizes those components of the curvatures which are non-vanishing on the mass-shell
and cannot be expressed through derivatives of some other curvature components.
In the case of the physical metric-type field described by non-rectangular Young
tableau with p < s, the primary Weyl tensor is given by 0-form T , while the 0-
form C is the secondary Weyl tensor expressed through the first derivatives of the
7
primary Weyl tensor T by virtue of Bianchi identities [13]. The structure of Weyl
tensors, both primary and secondary, is in agreement with Young symmetry types
of invariant curvature tensors found in [7] in the framework of non-local formulation
of Minkowski higher spin dynamics.
Turn now to the explicit analysis of the equations (33)-(34). By analogy with
the decomposition (11), introduce the decomposition of the auxiliary p-form:
ωa[s+1]; b[p] ∼
p⊕
i=0
ωa[s+i+1], b[p−i] . (36)
Then, one shows that all components ω(i) (36) of the auxiliary p-form can be ex-
pressed in terms of the first derivatives of the components φ(i), 0 ≤ i ≤ p of the
physical p-from (schematically):
ω(i) = Dφ(i) +Dφ(i+1) , 0 ≤ i ≤ p . (37)
This expression follows from the fact that the auxiliary field enters the physical
curvature (12) without derivatives and the equations (33) are, in fact, linear homo-
geneous equations with respect to the components of the auxiliary p-form. Notice
that when p < s, the curvature component T a[s], b[p+1] is not zero and does not con-
tain any components of the auxiliary p-form (36). Therefore, the number of linear
homogeneous equations (33) matches exactly the number of components of the aux-
iliary p-form. In other words, Eq.(33) is the constraint, which allows one to express
the auxiliary field in terms of the first derivatives of the physical field.
As discussed in section 3, the specific feature of the gauge parameter ξ
a[s+1]
(p−1) is
that it enters the gauge transformations (13) algebraically for the dynamical p-form
and through a derivative for the auxiliary p-form. From (16) it follows that the
gauge transformations (13) can be cast into the schematic form
δφ(i) = ξ(i−1) , 1 ≤ i ≤ p ,
δω(j) = Dξ(j) +Dξ(j−1) , 0 ≤ j ≤ p .
(38)
Combining these expressions with (37) one finds that, by gauge fixing all redundant
components of the physical p-form field to zero, the auxiliary field expresses through
the physical one as
ω(0) = Dφ(0) . (39)
As a consequence of (34), the second-order dynamical equations of motion on
the physical metric-type component φ(s,p) emerge as the trace of the component R(0)
(32)
Ra[s]c ,c
b[p] = 0 , (40)
where the auxiliary field is expressed through the first derivatives of the physical one
according to (39). Clearly, the tensor in l.h.s. of (40) has the same Young symmetry
type as that of the metric-type field φ(s,p).
8
To find the explicit form of dynamical equations of motion, we simplify our
calculations introducing Fock space notations for metric-type fields
|φ〉 = φ[a1...as], [b1...bp] α
a1
1 . . . α
as
1 α
b1
2 . . . α
bp
2 |0〉 , (41)
where αai and α¯
b
j, i, j = 1, 2 are creation and annihilation operators defined on the
Fock vacuum
α¯ic|0〉 = 0 (42)
and satisfying the algebra
{α¯ia, α
j
b} = δ
ijηab , {α
i
a, α
j
b} = 0 , {α¯
i
a, α¯
j
b} = 0 . (43)
The following notations are convenient in practice
Lij = α¯
a
i α¯ja , Tij = α
a
i α¯ja , Nij = α
a
iαja ,
Di = α
a
i Da , D¯i = α¯
a
i Da .
(44)
Vector |φ〉 satisfies the conditions
T12|φ〉 = 0 , T11|φ〉 = s1|φ〉 , T22|φ〉 = s2|φ〉 , (45)
which reflect its Young symmetry properties.
The physical metric-type field (1) expressed through the p-form field (9) |e〉 =
e[a1...as]; [b1...bp] α
a1
1 . . . α
as
1 α
b1
2 . . . α
bp
2 |0〉 has the form
|φ〉 =
p∑
k=0
(−)k
(s− k)!
k!
αa11 . . . α
ak
1 α
b1
2 . . . α
bk
2 α¯1 b1 . . . α¯1 bk α¯2 a1 . . . α¯2 ak |e〉 . (46)
With the help of operators (44) the auxiliary field (39) and the gauge transformation
(18) acquire exact form
|ω〉 = D1|φ〉 , (47)
δ|φ〉 =
(
D2 −
1
s− p+ 1
D1T21
)
|Λ〉 . (48)
The i = 0 component |R(0)〉 of the decomposition (32) is
|R(0)〉 =
(
D2 −
1
s− p+ 1
D1T21
)
|ω〉 − λ2(s− p+ 2)N12|φ〉 . (49)
Substituting the expression for the auxiliary field (47) into the curvature (49) and
taking trace L12|R
(0)〉 = 0 (40) we find the equation of motion(
D2−D1D¯1−D2D¯2−D1D2L12+λ
2N12L12+λ
2(d(p−1)+2p−p2+s)
)
|φ〉 = 0 . (50)
The covariant D’Alembertian D2 is given by (6). In the gauge D¯i|φ〉 = 0 and
L12|φ〉 = 0 we are left with(
D2 + λ2(d(p− 1) + 2p− p2 + s)
)
|φ〉 = 0 . (51)
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To compare these equations with the previously known results, we reproduce here
the higher spin equations of [14] written in a covariant gauge for arbitrary mixed-
symmetry massless fields φ(h1,...,hν) corresponding to theAdSd representationsD(E0, s)
with the energy E0 saturating the unitary bound and spin s = (h1, . . . , hν) (here hl
are lengths of rows of corresponding traceless o(d− 1) Young tableau and ν ≡ νAdS
is a rank of o(d− 1))
(
D2 − λ2(hk − k − 1)(hk − k − 2 + d) + λ
2
ν∑
l=1
hl)
)
φ(h1,...,hν) = 0 . (52)
Here hk is the length of upper rectangular block and k is the number of the bottom
row in this block (i.e., k is a height of the block). The case of two-column Young
tableaux corresponds to
k = p , hk = 2 , hl =
{
2 , 1 ≤ l ≤ p
1 , p < l ≤ s
. (53)
Plugging these values into (52) one indeed arrives at the equations (51).
One should note that the equations (52) are true in even dimensions for any hl
and in odd dimensions when h(d−1)/2 = 0 [14], and should not be taken for granted
for selfdual and antiselfdual representations which appear for non-zero ±h(d−1)/2. In
our formulation h(d−1)/2 can take non-zero values and, in fact, enters the theory only
through |h(d−1)/2|. We suggest our equations describe a sum of irreps with −h(d−1)/2
and +h(d−1)/2 and the duality condition (25) discussed above may help to extract
selfdual and antiselfdual parts corresponding to different signs of h(d−1)/2.
Discuss now the flat limit λ = 0 of the field equations (50). It turns out that new
symmetry δ|φ〉 = ∂1|S〉 appears in addition to that defined by (48) and the general
gauge transformation takes now the form
δ|φ〉 = ∂1|S〉+
(
∂2 −
1
s− p+ 1
∂1 T21
)
|Λ〉 , (54)
where Fock vector |S〉 is associated with the tensor S(s−1,p) (3) and the operators
∂i are obtained from Di-s (44) by replacing D
a → ∂a. One can check directly that
the equations (50) are do invariant under the gauge transformation (54) with the
gauge parameter |S〉 at λ = 0. However, the simplest way to prove the invariance
is to observe that the auxiliary field being expressed through the physical field is
an invariant expression with respect to δ|φ〉 = ∂1|S〉. Consequently, this additional
invariance follows for the equations of motion on the flat background.
Note that starting from the equations of motion (50) one can develop an extended
theory in the AdSd space which realizes missing symmetry |S〉 as Stueckelberg
symmetry [8]. To this end one should perform a shift |φ〉 → |φ〉+D1|χ〉 inside the
equation of motion (50) with |χ〉 having Young symmetry type of |S〉. Besides its
own symmetries with derivatives, the Stueckelberg field |χ〉 will be transformed as
δ|χ〉 = λ|S〉. The resulting equation involving |φ〉 and |χ〉 will be invariant under
restored gauge symmetry with parameters |Λ〉 and |S〉. To obtain the equation for
the Stueckelberg field |χ〉, one should make the same shift inside the tensor λ tr |T 〉 =
10
0 (35). As a result one will get the second-order equation for the Stueckelberg
field containing first-order terms with respect to the field |φ〉. Then, the role of
the condition (35) becomes quite clear. This is the differential condition (Noether
identity) for a leftover symmetry with the parameter |S〉 (for more details see [8]).
In the flat limit equations become diagonal with respect to fields |φ〉 and |χ〉 and
describe a sum of independent higher spin fields.
5 Concluding remarks
In this paper we described higher spin fields in AdSd corresponding to arbitrary
two-column Young tableaux. Our approach is a particular realization of the general
scheme proposed in [13] for generic mixed-symmetry fields. The method employs
the set of p-forms with antisymmetric tangent indices having different dynamical
interpretation. So, one distinguishes between the physical field and the auxiliary
field and the latter is expressed in terms of the physical field by virtue of its equa-
tions of motion. The system has the gauge symmetry relevant to the anti-de Sitter
background and reveals an additional symmetry in the flat limit λ = 0.
To conclude, it is worth to comment that the flat limit of the action functional
(27) may give rise to the dual descriptions of higher spin fields in Minkowski space
[15, 16, 6, 17]. The particular example is the three-cell “hook” field in AdS5. In the
flat limit the massless “hook” field decomposes into a couple of spin-2 massless fields
because massless fields in 5d Minkowski space are exhausted by totally symmetric
fields. As is easily seen from the equations (50) (see also Ref. [13]), these spin-2
massless fields are formulated in terms of dual variables [1, 15, 17]. In particular,
the curvature tensors (33) and (34) become related by the duality transform as in
[15].
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